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INTEGRATED PHOTOVOITAIC SWITCH WITH 
nffEgRATED POWKR rnwy^ 


This invention relab«s to Bemieonduetor daviees' 
and more specifically, relates to a novel structure for 
such a device in which an array of planar cells are 
formed in a single silicon water and are dielectrically 
isolated froa one another and in which one or more power 
devic«i can be integrated into the sane chip as the • 
planar cells. 

It is often desirable to iittlijie a 
semiconductor device rormed of a large number of cells. 
Photovoltaic generators (PVGs) . for example, are well 
known and are eonaonly used for producing a control 
signal for a solid state relay, such devices employ an 
LED Which is energiaed by input terminals to Irradiate 
the phetoaensltive surface of a spaced and insulated 
photovoltaic device. The output of the photovoltaic 
device may serve .s the input to a switching device, such 
as a MOS-gated device, typically a power MOSPbt or leaT, 
which has load terminals which are switched "on" in 
response to the energisation of the LEO. The input and 
output terminals of i:he relay are isolated by the gap 
between the LED and the photovoltaic device. Commonly, 
the photovoltaic dpviee eemiiBts of a large number of 


series-^connectad photovoltaic cells in order to produce a 
voltage sufficiently high to turn on the power switching 
device, such devices are well known and are sold under 
the name «PVl" (photovoltaic isolator) by the 
International Rectifier Corporation of £1 Segundo, CA, 
the assignee of the present invention. 

The plural cell photogenerator can be made in 
wany different ways. One Jcnown generator employs, a stack 
or pile of photovoltaic cells as shown in U.s; Patent 
HQS. 4,755,697 and 4,996,577, both to Daniel M. Kinacr. 
Other devices employ a planar array of cells which are 
junction isolated from one another and are connected in 
series at their surfaces, still other devices are known 
in which individual ceils disposed over the surface of a 
silicon chip are junction-isolated from one another or 
may be dielectrically isolated, as shown in U.S. Patents 
Nos. 4,227,098 and 4,390,790.-' The prior art devices, 
however, have the drawback of being expensive to 
Mnufacture as well as having low manufacturing yields. 

Alternatively, a planar array of photovoltaic 
generating cells are formed in a dielectrically bonded 
silicon wafer, a relatively thick "handle" wafer is 
oxide bonded to, as well as insulated from, a thin device 
wafer in which the junctions are formed, as shown in U.S. 
Patent No. 5,549,762 to the present applicant. This 
device, however, requires a relatively expensive starting 
wafer. 

It is therefore desirable to produce a 
photovoltaic generator that can be formed of a large 
number of insulated cells which can be connected in 
series to produce a- -turn-on signal for a power MOS-gated 
device but which is easily manufactured and integrated 


with the MOS-gmtea device usin? existing reliable 
processing equipment and techniques. 

It is also desirable to produce other devices 
that can be formed of a large number of insulated cells 
whxch can be connected but which are easily manufactured 
and integrated with other devices. 


The present invention provides a novel device 
structure which includes a trench structure that is used 
to dielectrically isolate the respective cells of a 
multiple cell semiconductor device formed in a single 
wafer. 

one or more H+ or P+ diffusions may be first 
formed in a lightly doped P or N type starting wafer. 
Alternatively, these diffusions can be formed after the 
trench processing is completed. Individual planar and 
spaced cells or tubs are then formed by etching an array 
of intersecting trenches which surround the diffusions 
The trenches extend to a predefined depth and are filled 
with a dielectric and with polysilicon to dielectrically 
insulate each of the cells. The diffusions of the 
various cells are connected to one or more diffusions of 
an adjacent cell to connect a predetermined number of the 
cells in series or in parallel. 

The back side of the silicon is then ground off 
at least to the level of the bottom of the trenches, and 
an insulating oxide may be deposited on the back surface. 
A beam support may be used to insure that the trenched, 
ground wafer holds together. 

In accordance with the present invention, 
dielectrically isolated, planar photovcltaic generating 
calls may be formed in a single wafer and, furthermore. 


nay be integrated with one or more power devices in the 
same wafer. 

A plurality of Nw- (or P+) diffusions are formed 
in a lightly doped P type (or N type) starting wafer and 
are each enclosed by a ring shaped P+ (or N+) contact 
diffusion- Note that these diffusions can be made at the 
end of the process. Individual planar and spaced cells 
or tubs are then formed by etching an array of 
intersecting trenches between the p+ (or N+) tiontact 
diffusions. The trenches extend to a predefined depth 
and are then filled with a dielectric and with 
polysiiicon. The substrate is then thinned to 
dielectrically insulate each of the tubs. The N+ top 
contact of each cell is connected to the P+ contact of an 
adjacent cell to connect each of a predetermined number 
of the cells in seriias. 

An HOS-gated device-may be integrated into the 
same chip as the photovoltaic generator structure in a 
trenched or an untrenched area of the wafer. The Mos-- 
gated device, which may a lateral or vertical IIOSFET or a 
lateral or vertical IGBT, is formed prior to the grinding ' 
of the back side of the wafer and may be formed prior to 
or subsequent to the formation of the photovoltaic 
generator cells or may be formed by some processing steps 
that are common with those of the photovoltaic generator 
cells. 

The upper surface of the device is then exposed 
to light, such as the radiation output of a spaced LED, 
to produce output voltages from each of the cells. These 
outputs, which are connected in series, produce a signal 
Which can control the switching of the MOS-gated device. 

In accordance with a further aspect of the 
invention, significantly, other devices can be integrated 


into other dielactrically isolated cells of the wafer. 

For example, KOS--gated devices such as BJTs, MOSFETs, 
IGBTs, GTDs and the like can be formed in other isolated 
cells of the eonunon wafer. Contact circuits can also be 
integrated in other isolated wells. The devices 
integrated in other wells can be lateral conduction 
devices, or even vertical conduction devices in which the 
cells containing vertical conduction devices will also 
contain a bottom contact. Significantly, the entire 
wafer can be used with all cells containing various 
circuit components to be interconnected to fom a 
particular circuit. 

other features and advantages of the present 
invention will become apparent from the following 
description of the invention which refers to the 
accompanying drawings. ^ 


The invention will now be described in greater detail, by way 
of example only and with reference to the drawings in which: 

Figure i shows a cross -section view of a 
portion of a device wafer following the diffusion of 
spaced, shallow N-f regions. Note that this step can be 
carried out after the step of Figure 5. 

Figure 2 shows the wafer of Figure i following 
the diffusion of shallow p+ contact regions. 

Figure 3 shows the wafer of Figure 2 after the 
formation of isolation trenches which separate and define 
isolated cells or tubs. 

Figure 4 .shows the wafer of Figure 3 following 
the formation of an oxide layer on the interior walls of 
the tranches and a polysilicon region within the trenches 


to diftlsctrically isolate the cells, the deposition and 
patterning of an overlaying oxide layer, and the 
deposition and patterning of a contact metal layer* 

Figure 5 shows the wafer of Figure 4 after 
grinding the back side of the wafer and the formation of 
an insulating layer on the back side of the wafer « 

Figure 6 shows a top view of a portion of the 
device of Figure 5 showing the contacte that connect the 
devices in series,. 

Figure 7 shows an alternative embodiment of a 
photovoltaic generator device formed in an N-type 
substrate according to the invention. 

Figure 8 shows another embodiment of the 
invention in which a lateral MOSFET is formed in the same 
substrate as the device of Figure 5. 

Figure s shows a further embodiment of the < 
invention in which a lateral '7GBT is formed in the same 
substrate as the device of Figurfe 5. 


Referring first to Figure 1, there is shown a 
cross-section view or a portion of a silicon wafer 
substrate 10^ An implant mask layer « which is typically 
silicon dioxide is grown atop the front surface of the 
wafer. Then, using a suitable photolithography 
tecihnique, a conventional photoresist layer is applied to 
the top surface of the oxide layer and is patterned to 
form an array of rectangular or other shaped opanings 
therein. The exposed portions of the oxide is then 
etched away, and the photoresist is stripped- N- type 
dopants, such as .phosphorous or arsenic, are then 
implanted into thM silicon through the openings in the 


oxide. The iaplant is next driven in to form ehaiXow n+ 
diffusions 20, 21 and 22. 

The oxide layer is is then removed, and another 
masking oxide layor 30 is grown atop the front surface of 
wafer 10. Alternatively, the first oxide layer IB is 
removed prior to the drive-in of N+ diffusions 20 to 22, 
and the second oxide layer 30 is grown concurrent with 
the drive-in of the N+ diffusions. 

A photoresist layer is then deposited atop 
oxide layer 30 and then patterned to define openings for 
contact diffusions which are typically ring shaped. The 
exposed portions of the oxide are then etched, the 
photoresist is removed and a shallow boron does is 
implanted into the exposed silicon surface areas to form 
P+ contact rings 25, 26 and 27, shown in Figure 2. 
Alternatively, a central P+ collecting finger that 
extends from the P+ rings 26 and 27 can also be 
disposed et the center of each diffusion. Following 
the implant step, there is a drive-in of the implant. 
The oxid« layer 30 nay be removed either before or after 
the drive-in step. 

It should be noted that the implant energies 
and doses, as well as the drive-in times and 
temperatures, can be determined based on the desired 
dopant distributions using methods known in the art. 

Thereafter, the device is processed to form a 
grid of deep trench isolations 40 which surround and 
isolate each of the p+ contact regions and extend into 
the silicon substrate 10 to a depth of about 8o to 130 
microns- Portions of the trench are shown in Figure 3 in 
cross-section as portions 40a, 40b and 40c. The trenches 
create dielectrioally isolated tubs or cells in substrate 
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10. The trenches may be typically forned using Jcnown 
photolithographic patterning and etching steps. 

After the trench array 40 is formed, a thin 
oxide layer or other dielectric layer such as TEQS is 
5 themally grown or deposited on the interior walls of the 
trench and is shown in Figure 4 as oxide layers 50 and 
51. The trenches are then filled with polysilicon 52. In 
addition to filling the trench, the polysilicon and 
dielectric layers are also deposited on the top of the 

10 front surface of the wafer and are each removed by 

respective plasma planarization etch steps. Thus, a 
plurality of identical dielectrically isolated 
photovoltaic generator cells is formed in substrate lo. 
The thicknesrs of the dielectric 50 and 51 is chosen to 

15 optimize reflectance of the radiation at the interface 
with the silicon 10- to improve the efficiency of the- 
device and /or increase the dielectric isolation between 
cells. 

If desired, the diffusion patterns for the 
20 cells can be formed at this s^tage of the process - 

After forming the dielectrically isolated tubs 
or cells, an overlaying oxXde layer €0 is deposited atop 
the front surface of the wafer 10. A photolithographic 
masking step and an etching step are then used to pattern 
is the oxide to form contact openings to the N-i- and P-i* 
regions. 

Thereafter, a contact metal layer is deposited 
atop the oxide layer 60 and is etched to form contact 
strips 70, 71, 72 and 73, shown in Figures 4 and 6, to 
30 connect the N+ diffusion of a cell to the P+ contact 
diffusion of an adjacent cell. 

Then, the wafer may be coated with a protective 
transparent coating. The back surface of the wafer is 


then ground away until the bottom of trench 40 Is 
reached. The portion of dielectric layers 50 and 51 that 
line the bottom of trench 40 may also be removed by 
polishing about 5 microns of the trench and until the 
dielectric layers SO and 51 arc exposed on the bottom of 
the surface of the substrate. Thus, a wafer having a 
thickness of between 75 to 125 microns thick remains. 
Thereafter, a passivation layer BO of silicon dioxide or 
other dielectric is deposited on the back side of the 
wafer, as Figure 5 shows. 

The wafer nay then be diced into units of a 
predefined number, typically 16, of series connected 
cells which have respective solder pad terminals (not 
shown) to produce devices which can generate a voltage 
when illuminated by an LEO to turn on an HOS-gated power 
device. 

Preferably, the grid of deep trenches 40 are 
disposed along the 100 and 00 l planes for a <100> 
material- As an example, when <:100> oriented starting 
material is used, the scribe lines (and trenches) are 
located in the <110> and <lli> planes. Because the wafer 
is ground very thin by the back surface removal, the 
trenches can be oriented at a 45» angle to the <iio> and 
<111> planes, thus increasing the mechanical ruggedness 
Of the substrate. 

Figure 7 shows another embodiment of the 
invention in which an array of rectangular or ether 
shaped shallow P-f- diffusion 120 to 122 and substantially 
square ring shaped N-f contact diffusions 125 to 127 are 
formed in an N- substrate 110. The P+ diffusions and H+ 
contact diffusions are first formed in a manner similar 
to the process shown in Figures 1 and 2 except for the 
substitution of the respective dopants and the 
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corresponding changes in implant dose and energy as well 
as drive-in time and temperature. The remaining steps of 
the process are substantially the same as those shown in 
Figures 3 to 6 as shown by the regions having the saste 
reference numerals in both embodiments representing the 
same structures. The devices are also interconnected in 
the manner shovn in Figures 5 and 6. 

Advantageously, the devices shown in Figures 1 
to 6 and Figure 7 are formed using a simple » relatively 
inexpensive starting wafer, thus reducing the cost of the 
device. As a further advantage ^ the more expensive 
processing steps, namely the trench formation and the 
trench filling with dielectric and polysilicon, can be 
formed towards the end of the pr occsss after three of the 
five lithographic steps have been completed and after 
formation of the P4- and N+ diffusions. Thus, errors ^In 
aligning the photolithographic masks and in doping and 
driving in the diffusions can be detected prior to 
relatively more expensive trench formation steps. 

Figure 8 shows another embodiment of the 
invention in which the photovoltaic generator cells that * 
are formed in the processs of Figures l to $ are 
integrated with a lateral high voltage N channel H05FST 
in the saTne P type substrate and are isolated from each 
other by the same deep trenches that isolate the 
respective PVG cells. The FVG cells are connected to the 
gate of the MOSFET to drive the HOSFST. 

The MOSFET is preferably formed of ring-shaped 
polygonal cells, such as square, rectangular or hexagonal 
cells, though interdigitated structures may be formed - 
The N channel MOSFET shown in Figure 8 may be formed by 
one of a number of known processes for forming a lateral 
MOSIFJST. m Figure 8, for example, a uniform implant of 
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phosphorus is £irst applied to the bare silicon surface 
over the active regions of the rtoSPiSt. The phosphorous 
implant is next driven deep below the top surface of the 
wafer 10 to form an ultra-deep N type region 230, The 
initial ultra-deep N* iiaplant is followed by a very long 
drive time. 

In the next step in the process, an, oxide layer 
is grown atop the surface of the wafer, and a photoresist 
layer is deposited atop and then appropriately patterned 
to define windows. The oxide and the underlying thin 
oxide are then etched through the spaced windows in the 
photoresist to expose the silicon surface. Thereafter, 
the photoresist is removed and a heavy boron dose is 
implanted deep into the exposed silicQn surface areas to 
form the deep central body portions of region 232. 
Following the implant step, there is typically a short 
initial drive in of the implant. 

Thereafter, oxide segments are grown over the 
p+ region 232. The P+ regions are initially driven to a 
short depth to avoid a substantial depletion of the 
surface boron during the growth of these oxide segments. . 
A photoresist layer is then deposited atop the surface 
and patterned to define a window partem by «^ich all 
oxide except that overlying the P+ region 232 is etched 
away. The photoresist layer is subsequently removed and 
a thin gate oxide layer 240 is grown over the fully 
exposed active area of the wafer. 

A polysilicon layer 242 is then deposited atop 
the wafer and a photoresist layer is deposited atop the 
polysilicon, • The photoresist is then patterned according 
to another masking step forming openings and is used as a 
mask to etch th^. -polys i t icon, thus farming windows above 
•the gate oxide layer 240. Thereafter, the gate oxide 


layer is etched which exposes the remaining polysilicon 
web and the surface of the silicon substrate, and boron 
is implanred through the diffusion windows. The boron 
dose here is nuch lower than that of the heavy boron 
dose. This boron dose, after diffusion, will merge with 
rhe higher-dose boron region and. will form a low 
concentration P- type channel region 236 which are 
shallower than the P-^- body portion 232 produced from the 
higher concentration implants. These regions, are then 
typically driven in to reach a predetermined depth- 
Thus, lighter doped boron region 236, which are annular 
regions, are formed though it is clear thar where these 
regions overlap the P+ region 232 they merge with one 
another. 

The P(-) shallow ''shelves" 236, which surround 
deep P+ region 232. are lightly doped channel regions : 
extending beneath the gate oxide. 

It will be noted that, in each drive including 
the P- drive in, all junctions continue to move deeper. 
The N- region 230 moves to a leseer degree, and P+ region 
232 move to a somewhat larger degree. It is also known 
to those skilled in the art that as the diffusions drive 
deeper they also move laterally, whereby the shallow 
diffusion 236 ultimately diffuse under the gate oxide. 

The surface is then appropriately de-glassed 
and arsenic atoms are implanted and are driven in to form 
the annular N+ source region 2S0 and annular drain region 
254. 

Thereafter, an interlayer silicon dioxide or 
LTO coating 60 is formed over the surface of the chip and 
is then coated wi th a photoresisst layer which Is 
photolithographieally patterned to define a contact mask 
opening. The surface exposed through the openings in the 


photoresist is then appropriately etched to expose rhe 
underlying inner peripheral portions of the N+ sources 
250 and 252 and the N+ drain 254. After removing the 
photoresist, a subsequently deposited alximinum layer is 
then photolithographically patterned and etched to form 
source and drain contacts 272 and 274 , respectively, as 
well as -source, drain and gate electrodes (not shown). 

An amorphous silicon layer (not shown) may then 
deposited over the surface of the wafer which is* 
photolithographically patterned and etched to expose 
appropriate emitter and gate pads. During this 
operation, the amorphous silicon may be etched with a 
suitable plasma etch. 

Preferably, at least some of the implant steps 
that form the PVO cell and those that form the MOSFET are 
performed concurrently to reduce the number of masXlng 
steps. It is also preferable that at least some of the 
drive-ins are performed concurrently. Alternatively, 
when one of the PVG cell or the MOSFET regions receive an 
implant, the other one is covered with photoresist or 
oxide. After the diffusion and drive-in steps, the 
deposition and patterning of the overlaying oxide layer 
as well as that of the metal layer are performed for both 
the PVG cell and the MOSFET at the same time. 

It should also be netted that, as a further 
alternative, the PVG cell can be integrated with a 
vertical MOSFET in which a further trench is forjned at 
the same time as trench 40 and forms the gate structure 
of a trench MOSFET. In tiiis embodiment, the thin 
dielectric layer that is formed on the walls of the 
trench serves as the gate oxide, and the trenches are 
filled with doped polysilicon that serves as the gate 
-electrode. The p-shallow shelves are typically omitted 
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and the deep p-type regions are lightly doped to serve as 
channel regions between the N+ source and drain regions. 
A further masking step is used on the back surface of the 
wafer such that the passivating oxido is only formed at 
the back surface beneath the PVG cells and an additional 
metal contact is formed at the back sttrfaoe of the wafer 
adjacent" to the vertical MOSFET. 

It should also be noted that a similar device 
can be formed in an N type substrate in which the' PVG 
cell shown in Figure 7 is integrated with a P channel 
MOSFET - 

Figure 9 shows a still further embodiment of 
the invention in which the PVG cells shown- in Figures 5 
and 6 are integrated with and drive a l«teral I6BT. In 
this embodiment, a uniform implant of phosphorus is first _ 
applied to the bare silicon surface over the active 
regions of the IGBT. The phosphorous implant is next 
driven deep below the top surface of the P- wafer 10 to 
form an ultra-deep N type "enhancement" region 330. The 
initial ultra-deep N "enhancement" implant is followed by 
a very long drive time. 

in the next step in the process, an oxide layer 
is grown atop the surface of the wafer, and a photoresist 
layer is deposited atop and then appropriately patterned 
to define windows. Note that this can be done during the 
trench isolation step. The oxide and the underlying thin 
oxide are then etched through the spaced windows in the 
photoresist to expose the silicon surface. Thereafter, 
the photoresist is removed and a heavy boron dose is 
implanted deep. into the exposed silicon surface areas to 
form the deep central body portions of regions 332, 334. 
Polloving the implant step, there is a typically initial 
-drive of the implant, typically in dry nitrogen plus 1» 
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oxygen, to obtain an initial drive br 1-2 micrometers, 
for example. 

Thereafter, oxide segments are grown over the 
P+ region 332. The P+ region is initially driven for a 
5 short depth to avoid a substantial depletion of the 

surface boron during the growth of these oxide segments. 
A photoresist layer is then deposited atop th^ surface 
and patterned to define a window patrern by which all 
oxide except that overlying the P+ region 33?. is etched 

10 away. The photoresist layer is subsequently removed and 
a thin gate oxide layer 340 is grown over the fully 
exposed active area of the wafer. 

A polysilicon layer 342 is then deposited atop" 
the wafer and a photoresist layer is deposited atop the 

IS polysilicon. The photoresist is then patterned according, 
to another masking- step forming openings and is used -as a 
mask to etch the polysiliconi thus forming windows above 
the gate oxide layer 340. Thereafter, the gate oxide 
layer is etched which exposes the remaining polysilicon 

ZO web and the surface of the silicon substrate, and boron 
is implanted through the diffusion windows. The boron 
dose here is much lower than that of the heavy boroii 
dose. This boron dose, aft:er diffusion, will merge with 
the higher-dose boron region and will form a low 

25 concentration P- type channel region 336 which surround 
and are shallower than the Pi body portion 332 produced 
from the higher concentration implants. These regions 
are then typically driven in to reach a predetermined 
depth. Thus, the lighter doped boron regions, which are 

30 annular regions," are formed though it is clear that where 
these regions overlap the P+ region 332 they merge with 
one. an other. 
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The P(-) shallow "shBlves"- 336 which surround 
deep P+ region 332 are lightly doped channel regions 
extending beneath the gate oxide. 

It will be noted that, in each drive including 
the P- drive in. all junctions continue to move deeper. 
The H region 330 »ove. to a lesser degree, and P* regions 
332 move to a somewhat larger degree. It is ,lso known 
to those skilled in the art that as the diffusion, drive 
deeper they al.o »ove l.t«raUy, whereby the shallow 
diffusion. 336 ultlaately diffuse under the gate oxide. 

The surface is then appropriately de-glassed 
and arsenic atoms are implanted and are driven to form 
the ^ source region 350 and N-i cathode region 354. A P*. 
collector or anode region 360 is also formed in the N+ 

16 cathode region 354. ^. -j 

Thereafter, an interlayer silicon dioxxde or 
LTO coating 60 is fonned over the surface of the chip and 
is then coated with a photoresist layer which is 
photolithographicelly patterned to define . contact 
opening. The surface exposed through the openings in the 
photoresist is then appropriately etched to expose the 
underlying inner peripheral portions of the V* sources 
and cathode and the central body of the P+ regions. 

After removing the photoresist, a subsequently 
deposited alWBinum layer Is then photoJ Ithographically 
patterned and etched to form emitter end anode contacts 
372 and 374. respectively, as well as emitter, anode and 
gate electrodes (not shown) . The aluminum emitter 
electrode electrically shorts each of the P* body regions 
to the inner periphery of their respective annular 

source regions. ■• 

An amprphous silicon layer (not shown) may then 
..deposited over the surfeee of the wafer which is 
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30 


photolithographicalXy patterned and etched to expose 
appropriate emitter and gate pads. During this 
operation, the amorphous silicon may be etched with a 
suitable plasma etch. 

p type resurf region 362 may also be formed in 
the top surface of the device betveen the P type body 
regions and the cathode diffusion. 

Alternatively, a vertical IGBT may he 
integrated with the PVG cells- The collector region is 
formed at the bottom surface of the wafer and, using 
appropriate photolithographic steps, a metal contact is 
formed on the back surface of the IGBT portion of the 
wafer and the passivating oxide formed on the bacfc 
surface of the PVG cells. 

It should also be noted that one or more 
KOSFETs or IGBTs. can be integrated with the PVG cells' of ' 
the invention and can be interconnected to form various 
circuit devices, such as a three-phase bridge, on a 
single chip. 

Moreover, in all of the above devices, a 
solderable metal layer may be deposited on top of the 
contact metal layer. 

Additionally, any of the above devices can be 
mounted as a respective chip on a board and may be 
mounted with an LED insulated therefrom but arranged to 
produce radiation which illuminates the surface of the 
wafer or the chip- Any suitable LED can be used. 

Although the present invention has been 
described in relation to particular embodi ments thereof, 
many other variations and modifications and other uses 
will become apparent* to those skilled in the art. It is 
preferred, therefore, that the present invention be 
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llBxtea noi: by the speciric disclosure herein, but only 
by the appended claims* 


CLAIMS: 
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1. 


10 


k process of fabrieating a seiBieonductor 
device in a silicon substrate; said process comprising 

rhe steps of: ^ . , 

patterning and etching away selected region* of 
a top surface of said silicon substrate to for» « trench 
which is spaced fro» and which encloses a silicon region, 
thereby forming at least one isolated cell; forming an 
insulator layer on the walls and bottom surface of said 
trench and on a portion of the top surface, of said 
substrate that is' adjacent to said walls of said trench; 
depositing a layer of polysilicon on said top surface of ' 
said substrate and in said trench such that said trench 
is filled; and removing a portion of said polysilicon ^ 
layer that is fonwd atop said top surface of said 
15 substrate. 

2. The process of claim I which includes the 
step of introducing impurities of one 

conductivity type and another conductivity type, which is 
of opposite conductivity type to said one conductivity 
5 type, into selected regions of a top surface of said 
silicon substrate to form first diffused regions. 

3 . The process of daim 1 or claim 2 which includes ihe fiirther 

^'^^ depositing an overlaying insulation layer on 

said top surface; 
5 patterning and etching away selected portions 

of said overlaying insulation layer to form at least an 
opening to one of said first diffused regions in a 
respective one of said cells and at least another opening 
to a second diffused region in an adjoining one of said 
10 .■■ calls; 


depositing a conductive layer; 

pattarnin? and -tching away portions of satd 
conductive layer to for. at on- ^"^f 

Ltact vhicH contact, .aid fir.t diffu..a "»J;» »^ Jj" 
respective cell and .aid .«»nd diffused regxon of .aid 
adjoining cell- 

^ ThepiDcessofanyoDeofthepreceduigdaimsfurthercom^^^^ 

the .tep ot"planarizing said top ««:f«ce of s^i& .iUcon 
the sTiep oi ifx ^t^„. af said polvsilicon layer 

substrate toy removing portions of wad poiy 

' . are formed atop said top 

and said ln.ttiating lay« that are xorme 

surfac of .aid substrate prior to saxd step of 
depositing an overlaying insulation layer. 

The process of any one of the preceding claims flirther comprising 
the step ef'coating said top surf-c. of said substrate-- 
Sth I protective coating prior to .aid step of re»ovxng 
aportlonof .aid. botto. surface of Mid. ilicon - 

Mbstrate. ' ' 

6 The pnKjess of any one of the preceding claims wherein said trench 
for»ed in a <loo> crystal orientation of said 
substrate and is oriented along one of a <110> ± 30 
degree, plane «.d a <11X> ± 30 degree, plane of saxd 

silicon sttbrtrate. 

7. A swaiconductor device formed in • silicon 
substrate of one conductivity type, said device 
co.prising: ....trate which 

separate, and surrounds each of at lea.t two cell. £or«ed 
irsl d substrate and which extends fro» a t..^urface of 
said substrate to a botto- »»rf.c. of s.xd substrate 

B Wail in.ul.tlng layoi: formed on the walls of 
■ said trench; 
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a r«gion of polysilicon fotwed in aaid trench 
and extanding said top surface to -said botton 

surraee of said substrate between said layar o£ 
insulating witeriel, thereby filling «id trenches; 

at least one of said cells comprising a first 
region of one of said one conductivity type and of 
another conductivity type, which is of opposite 
conductivity type to said one conductivity type, for»ed 
in said top surface of said silicon substrate; 

an overlaying insulation layer foreefl atop said 
top surface of said silicon substrate and having- at least 
an opening to said first region in a respective one of 
said cells and at least another opening to a second 
region in an adjoining one of said cells; and 

a conductive layer comprising at least one 
interconnecting contact which connects said first region 
of said respective cell and said second region of said 
adjoining eellv. - 

8. The device of claiw 7 wherein said wall 
insulating layer is selected from the group consisting of 
silicon dioxide and TEOS- 

9. Thed0noeofdaim7(H'daim8fiirtberc(Hnprisinga 
passivation" layer forced on said bottom surfece of said 
silioon substrate. 

10. A semiconductor device formed in a silioon 
substrate of one conductivity type, said device 
comprising: 

a trench foneied in said silicon substrate which 
separates and surrounds each of at least two cells formed 
in said substrate and which extends from a top surfece of 
said substr-t. to a botto. surface of ..id substrate, 
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a «*U insulating layer formed on the walls of 
™c.,^ana^^ ^^^^^^^^^^^ 

and ext««ling fro. -id top surface to 
surface of said substrate between ..id ]'^^^ 
ixvsulating material, thereby filling se.d trenches, 
at least one of said cells comprising: 
a layer of another conductivity type, which xs 
of opposite conductivity type to said one -^^T^ 
!«L«d in said top surface of said substrate; 
.or^ed^n -x^^^P^^ ^^^^ ^^^^^ «,„a«ctivity 

in said top surface and being more heavily • 
X^s "a" yer It said another conductivity type; 
doped conductivity type 

formed in said top surface end being spaced fro. and . 
surrounding said contact region; «,„ductivitY 

a source region of said 
.yp. formed in ..portion of said body regxon sa^ 
!^fac and lonning a channel region in sa.d top surface 
b.twsen said source region and .aid layer; 

a gate electrode disposed atop said top 
and overlaying and being insulated from said channel 
t^ion and being operable to invert said ch^^^ "J^^^, 
region .citable aate voltage supplied thcretCr 

" ^"^^"^rer~n:ulation layer being further 

formed atop said layer on ^^'i;'Zr^^ZZ:Z having 
silicon substrate and atop said gat. eleotroo 
Itteast one opening to said source region and at least 
one opening to said contact region; 

at least one source contact formed of a 
conductive layer in said opening to said source regxon; 

at least one drain contact formed of said 
conductive layer in -aid opening to said contact regxon. 
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IX- A semiconductor device formed in a silicon 
substrate of one conductivity type, said device 

comprising: ^ 
a trench formed in said silicon substrate vhieh 
separates and surrounds each of at least two die forced 
in said substrate and which extends from a top surface of 
»aid substrate to a bottom surface of said substrate; 

a wall insulating layer fon.ed on the walls of 

said trench; and ,• • 

a region of polysilicon formed in said trench 

and extending from said top surface to said bottom 
surface of said substrate between said layer of 
insulating material, thereby filling said trenches; 
at least one of said cells comprising: 
a layer of another conductivity type, which is 
of opposite conduotivity type to said one conductivity 
type, formed in said top surface of said substrate; 

a CBtho(jte region o£ said another conductivity - 
type formed in said top surface and being more heavily 
doped than said layer of said ««ther conductivity type; 

an anode region of said one conductivity type 
formed in said cathode region at said top surface; 

a body region of said one conductivity type 
formed in said top surface and being spaced from and 
surrounding said contact region; 

a source region or said another conductivity 
type formed in a portion of said body region at said top 
surface and forming a channel region in said top surface 
between said source region and said layer; 

a gate electrode disposed atop said top surface 
and overlaying and being insulated from said channel 
region and being operable to invert said channel region 
in response to a suitable gate voltage supplied thereto; 

an overlaying insulation layer being further 
■ formed atop said layer on said top surface of said 
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sUicon su^trat. ana ..^ «id .ate electrode an. ha ving 
«t least one opaning to said source ragio" and at laaat 
ema opening to said anod. region; • 

at least on* aourt* contact for««d of a 
conductive layer In .aid op«.t«9 to aatd .ouroe region; 

at laast one anode contact for»ad of said 
conductive layer in -aid op«.ina to said anode region. 

12. A process of ftbricating a semiconductor device substajitially 
as hereinbefore described and with reference to tlie accompanying drawings. 


13. A semiconductor device substantially as herein described 
with reference to the accompanying drawings. 
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